lysogenizing C4 without converting it to toxigenicity. In the present work the serological relationship of ,B and y phage is described, as well as their interactions with host strain C4. Apparent recombination between , and y phage is reported in which the ability of , phage to convert to toxigenicity acts as a discrete genetic attribute of the phage.
MATERIALS AND METHODS
Phage and baterial strains. The nomenclature for phage and bacterial strains was discussed in a previous paper (Groman, 1955) at which time phages ,B, B, and Bh were described. Phage y was isolated from C. diphtheriae strain 124 originally described by Freeman and Morse (1952) . They recorded this strain as sensitive to jB phage but using current stocks and , phage recovered from their original C4 (B8) strain we could not confirm this. Temperate phage y is capable of lysogenizing strain C4 without converting it to toxigenicity. While there is good evidence for the close relationship of i8 and 7 phage, the present nomenclature is being retained as a convenient means of associating names and characteristics.
Bacterial strains C4 and C7 and some of their lysogenic and resistant derivatives were previously described (Groman, 1955 Techniques. Difco heart infusion medium was used in all phases of the work except for the in vitro toxigenicity tests. The plaque count, phage sensitivity, and toxigenicity testing procedures remain unchanged (Groman, 1953 (Groman, , 1955 . The test for lysogeny has been modified. The indicator is now incorporated in the soft agar layer as for plaque counting, and a drop of the culture or culture supernate being tested is spotted on the overlay agar. This method is more efficient than the previously described "well" method (Groman, 1953) and is equally sensitive.
Temperate phage stocks were prepared by ultraviolet irradiation of the appropriate lysogenic strain (Booher, 1955) . Virulent phage stocks were produced by passage on strain C4.
Attempts to produce # and 'y phage antiserum yielded sera with a low neutralizing capacity. The immunization procedure described by Adams (1950) Freeman (1951) and the currently designated ,( phage. With respect to host range, immunizing ability, and converting ability tested with both C4 and C7, this phage appears to be identical with ( phage. Serological data, while supporting the relationship of these phages, fail to give a conclusive answer with respect to their identity.
The final observation of interest in table 2 is the complete resistance of C4/B to stock phages. This lack of sensitivity is reminiscent of strain C411, a strain isolated from the same case of diphtheria as C4 (Freeman, 1951) . However, slide agglutination tests performed with antisera to C4 by the method of Minzel and Freeman (1950) conclusively demonstrated a serological relationship between C4/B and C4 but none between C4 and C411. Thus the simultaneous presence of C4 and C411 in a diphtheria patient can only be considered fortuitous at this time.
Superinfection of C4 (,Y) by (3 phage. The infection of C4 (y) by ( was undertaken to determine whether double lysogenization was possible and what effect this might have on the conversion phenomenon. Strain C4 ('y) at a concentration of 106 to 107 cells per ml was exposed to (3 phage at a concentration of 2 X 107 particles per ml in heart infusion broth. The mixture was placed on a shaker and incubated at 34 C. During the incubation period visible lysis occurred, and was followed by development of resistant organisms to a concentration of approximately 2 to 3 X 107 cells ml. Aliquots of the resistant growth were GENETIC FACTORS IN C. DIPHTHERIAE CONVERSION plated on differential in vitro medium (Groman, 1953) , and of 461 colonies observed 49, or approximately 11 per cent, showed the typical halo of toxigenic colonies. Seventeen toxigenic and 16 nontoxigenic colonies were restreaked for purification and each tested for lysogenicity, phage sensitivity, and toxigenicity as indicated in table 3.
It is apparent that three types of interaction have occurred following superinfection. The presence of C4 ((3) indicates that prophage substitution has occurred. Isolation of C4 (,y') and C4 (13') is compatible with a concept of phage recombination, while double lysogenization has been demonstrated with strain C4 (-y) (m). Similar interactions of prophage have been reported by Bertani (1954) with the P system of Shigella phages.
In order to verify the character of the phages carried in these new strains, a sterile filtrate of a culture of each strain was prepared. Strain C4 was then exposed to each filtrate and resistant organisms were isolated and their characteristics determined. Lysogenic cells were recovered which gave reactions identical to those of the parent strains C4 ('y'), C4 (O8), and C4 (1') listed in 
DISCUSSION
The basic facts of conversion to toxigenicity are now reasonably clear. Lysogenization with a phage containing a specific genetic complement results in conversion in the C4-phage ( system. It is interesting to note that in the doubly lysogenic strain C4 (y) ((3) toxigenicity is dominant.
Efforts to determine whether the order of lysogenization by (3 and y phage affects conversion have given no indication of such an effect. Hewitt (1954a Hewitt ( , 1954b Analysis of the types of cells and phages present after exposure of C. diphhwriae strain C4 (y) to jB phage revealed three kinds of phage interactions. These were: (1) prophage substitution, (2) double lysogenisation, and (3) recombination. Recombinant types were found in which ability to convert to toxigenicity and host range segregated independently. Thus the discrete genetic character of converting ability in C. diphthriae phage has been demonstrated.
